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Introduction

In recent decades,

The success of immunotherapy for ovarian cancer is determined by the effectiveness of the patient’s
immune response, as well as the qualitative and quantitative representation of antigens of the main
histocompatibility complex in tumor cells and microenvironment. The level of the HLA (Human
Leukocyte Antigens) genes expression in tumor tissue does not always correctly reflect the expres-
sion of these genes in different populations of tumor cells. Aim. To analyze the frequency and range
of somatic deletions and duplications in the HLA locus. Methods. LOH-analysis (Loss of
Heterozyhosity) of the STR-markers (Short Tandem Repeats) in the ovarian tumors of affected
patients. Results. We have shown that complex somatic genomic reorganizations, involving seve-
ral HLA loci, are quite common in ovarian tumors. The detected genetic alterations vary by both
the type (deletions and mutations in STR alleles) and proportion of the sub-population of cells with
the alterations. Conclusion. The results obtained allow us to propose the LOH-analysis for highly
effective detection of aneuploidy and different types of somatic genomic reorganizations in the HLA
region even in minor cell populations. This analysis provides the additional prognostic information
for predicting the effectiveness of different types of ovarian cancer immunotherapy at the indi-
vidual level.
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great progress has been disease as cancer. Thanks to the development

achieved in the treatment of such a serious of new treatment concepts, it had become pos-
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sible to significantly reduce lethality, and in-
crease the duration and quality of life of cancer
patients. Nevertheless, ovarian cancer (OC) is
still a life-threatening disease, being the 3rd
most common and the most lethal of the gy-
necological cancers. According to the
International Agency for Research on Cancer
more than 200 thousand new cases of OC are
registered worldwide each year resulting in
over 100 thousand deaths per year in women.
Thus, OC remains one of the most resistant to
treatment among gynecological cancers. In
2017, the most significant achievement in gy-
necological oncology was considered to be the
development of new approaches to treatment,
the main of which for OC were the PARP (poly
ADP ribose polymerase) inhibitors and im-
munotherapy [1]. It is proved that tumor elim-
ination can be supported by an effective im-
mune response. The cancer immuno-genomics
is based on the principle that genomic altera-
tions generate the potential cancer cells that
produce “non-self” novel cell surface peptides
recognized by the patient’s Human Leukocyte
Antigens (HLA) molecules. So specific T cell
and B cell immunity might be stimulated by
these antigens.

Currently, the great improvement in cancer
treatment has been achieved by the develop-
ment of the DNA based vaccine immuno-
therapy, both targeted and non-targeted (im-
muno-stimulants/adjuvants). The basis of most
oncological immune vaccines is the induction
of tumor antigen-specific cytotoxic CD8+ T
cells [2—-5]. Another approach leads to the
activation of CD4+ T cells although these cells
play a major role in initiating and maintaining
CD8+ T cells [6]. DNA vaccines have demon-
strated the efficacy in prostate, cutaneous
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melanoma, lung and other types of cancer
[7-10]. The main advantages of non-targeted
immunotherapy are (i) universality for the
majority of heterogenic cancer cells, (ii) low
resistance to therapy, (iii) simplicity for trans-
portation to the target; and (iv) low-cost pro-
duction. However, the effectiveness of this
type of immunotherapy depends on the pa-
tient’s immune response and the HLA binding
potential of micro-environment cells to detect
somatic alterations in the cancer genome and
their ability to produce the immune stimula-
tory agents. With the development of cancer
immunotherapy, it became necessary to evalu-
ate its effectiveness for a particular patient,
because in addition to the advantages described
above, such therapy has a number of side ef-
fects due to nonspecific autoimmune reaction.
It has been shown that the alterations in the
HLA class I and II antigen expression often
have a negative impact on the progression of
tumors growth, early disease recurrence and
on the response to T cell-based immunothera-
py in prostate and other cancer types [11, 12].

The HLA chromosomal region consists of
several gene clusters on 6p21.3 and encodes
cell surface molecules of human Major
Histocompatibility Complex (MHC). MHC
peptides are designed to present exogenous
antigens to the T-cell receptor on T cells. The
HLA genes are organized into 3 chromosome
regions according to the functions of expressed
antigens (class I-1II). The major function of
the HLA-antigens is to induce and regulate the
immune responses. The lymphocytes that ex-
press CD8 are engaged with the HLA class |
antigens to activate the cytotoxic function. So
these HLA proteins should provide the capa-
city to effectively recognize alien agents, both
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exogenous pathogens and endogenous cancer
cells. The class II HLA molecule is a heterodi-
mer consisting of alfa and beta chains ex-
pressed on the surface of professional antigen
presenting cells and of some cancer cells [13,
14]. It has been shown that the cancer cells
with the HLA class II expression are effec-
tively recognized by the patient’s CD4+ T cells
[15]. The dysregulation of the HLA class II
pathway by tumors is associated with the
avoidance of an immune response [16]. The
HLA class III genes encode inflammation mo-
lecules; they express the complement factor B,
cell signaling cytokine TNF-alpha, allograft
inflammatory factor 1 and some other mem-
brane proteins. It is known that an increased
rate of somatic rearrangements in the HLA
region is one of the possible mechanisms of
the HLA antigens impaired expression result-
ing in an immune evasion in the development
and progression of some types of cancers. On
the other hand, the novel data on a single-cell
level have demonstrated a huge heterogeneity
of gene expression in multiple cell types of a
tumor [17-19]. Hence, the estimation of the
average expression levels in the tumor tissue
is not a fully reliable indicator and does not
reflect the population of tumor cells.

The aim of our study is to analyze the
frequency and range of somatic deletions and
duplications in the HLA locus using LOH-
analysis (Loss of Heterozyhosity) of the STR-
markers (Short Tandem Repeats) in the ovar-
ian tumors of affected patients. The detection
of abnormalities in different HLA genes
would suggest an imbalance in the expression
of the corresponding antigens in the popula-
tions of tumor cells, which will allow us to
predict the effectiveness of different types of

the ovarian cancer immunotherapy at an in-
dividual level.

Patients and Methods

Patients

We used a previously presented patients group
created in collaboration with the clinical on-
cologists [20]. All the patients gave informed
consent to participate in the study. The patients
group consists of 29 patients with primary
ovarian cancers (cystadenocarcinoma (n=3),
endometrioid carcinoma (n=6), papillary car-
cinoma (n=5), teratoma (n=1), mesonephroma
(n=1), ovarian adenocarcinoma (n=11), undif-
ferentiated carcinoma (n=2)). Among the ovar-
ian cancer patients 8 have stage I (27.6 %),
4 — stage II (13.8 %), 16 — stage 11 (55.2 %)
and 1 — stage IV (3.4 %), 16 patients have
invasion and metastasis.

The material of our study is the DNA sam-
ples obtained from the surgical material of
ovarian tumors (cytologically confirmed in not
less than 70 % of cancer cells) and conditio-
nally normal surrounding tissues of the
OC-patients.

The study of genomic rearrangements in the
HLA region was performed using LOH analy-
sis of the STR-markers located in HLA chro-
mosome region: D6S2678 (class I) and
D6S2925 (class III). One of the PCR-primers
for each STR-marker amplification was labeled
by Cy5 fluorescent dye fabricated by
Methabion, Germany. 15ul of PCR mixture
contained 1x FIREPol® Master Mix Ready to
Load with 7.5mM MgCl, (Solis BioDyne),
60 umol of primers and 200 ng of gDNA. PCR
was carried out on 9200 Thermal Cycler
(Applied Biosystems), 35 cycles at 60 °C an-
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nealing temperature. The fragment analysis of
the PCR-amplicons was carried out by elec-
trophoresis in a denaturated polyacrylamide
gel on the automatic laser analyzer ALF-express
I system. The allele discrimination and al-
lelic imbalance were analyzed using ALF-
express Fragment Manager Software.

Allelic imbalance calculation

AR (allele ratio): ratio of the intensity of the
alleles in a sample:

AR = S,1¢e1/Satele2; S — peak area of the allele.
Al (allelic imbalance): ratio of AR values

of normal and tumor samples of the same pa-
tient:

Al = ARnormal/ ARtumor

Limits of LOH value: 0.67 > AI > 1.35.

Results

Previously, we elaborated the set of 3 STR-
markers inside the HLA-locus and screened
the extent, to which they were informative in
the DNA samples of healthy individuals. The
selected HLA-markers D6S2678 (class 1),
DQIV (class II) and D6S2925 (class I1I) had
the highest heterozygosity indexes and the
largest number of different alleles, data not
shown.

According to the basic principle of LOH-
analysis in tumor-normal pairs the locus will
be informative if the two alleles of the marker
in the normal tissue have different lengths
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Fig. 1. D652925 genotypes in normal samples of OC-patients, ALF-fluorogram of PCR products. Samples in lines 3,
7 and 14 were uninformative by this STR-marker due to homozygous genotypes.
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(heterozygous genotype). Therefore, we
screened all normal samples for the extent they
were informative by each STR-marker to de-
termine the normal samples genotypes (Fig. 1).

LOH-analysis of STR-markers in tumor
samples from patients with ovarian cancer

We tested 29 DNA samples of normal tissues;
the paired tumor sample was analyzed only in
case of a normal sample’s heterozygous geno-
type of the STR-marker. One patient appeared
to be not informative for LOH-analysis by all
three STR-markers (homozygous genotype).
Six patients were fully informative by all stud-
ied markers (heterozygous genotypes), and the
other ones were informative by 2 or 1 mar-
kers — 25 normal samples of OC-patients
were heterozygous by D6S2678, 23 — by
DQIV, and 13 — by D6S2925.

All informative pairs of samples (normal
heterozigotes — tumor) of 28 patients passed
through the LOH comparative analysis (Fig. 2).

No alterations in the HLA-markers have
been observed only in 5 tumors.

There were 40.0 % of the ovarian tumors
(10/25), in which the somatic alterations were
detected in the chromosomal region of the
HLA class I — D6S2678: 8 samples with
partial allele deletions, 1 tumor with total allele
loss and 1 tumor with a mutation in STR al-
lele — somatic insertion of a tandem repeat.
The HLA class II (DQIV) somatic reorganiza-
tions were found in 46.2 % of the samples of
ovarian tumors (6/13), all the tumors had par-
tial deletions of the STR allele. In 60.8 % of
the studied OC-samples (14/23) somatic reor-
ganizations were identified in the chromo-
somal region of HLA class IIl — D6S2925: in
11 patients the tumor samples had partial dele-
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tions of the STR-allele, 1 tumor had total allele
loss, and in 2 tumors the somatic mutations in
the STR allele — insertion of tandem re-
peats — were detected (Fig. 3).

925
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Fig. 3. The spectrum of detected alterations in HLA-lo-
cus: uninformative — homozygous genotype of patient’s
normal tissue; normal — tumors without allelic imbalan-
ce and STR-mutations; STR mut — insertion of tandem
repeats in the STR allele in a part of tumor cells; allele
loss — deletion of the STR allele in more than 99 % of
tumor cells, partial del — deletion of the STR allele in
more than 35 % of tumor cells (0.67 > Al > 1.35).

Patients with alterations in two HLA loci

Analyzing the patients combined genotypes by
the 3 studied markers we noted that in 8 ovar-
ian tumors the somatic changes were detected
in more than one locus (Tab. 1).

It is well-known that the HLA class I and
II loci are associated with CD4+ and CD8+ T
cell activation, used in the majority of the
developed cancer immune vaccines. Therefore,
they are the most critical for the immuno-
therapy outcome. We detect the complex al-
terations in the HLA class I and II loci in one
[Ilc-stage aggressive papillary carcinoma with
metastasis in uterus and omentum in the pa-
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Table 1. Patients with complex alterations in the HLA-locus

D ov t3 ov t15 ov t5 ov t42 ov t23 ov t27 ov t21 ov t20

Age 49 54 65 52 56 48 50 59
TNM T HM, | T3 HM, | T3 HM, | T HM, | T3,HM, | ToHM, | T3HoM, | TiHoM,
Stage Ilc Illc Illc Ilc 1Ma Ilc Illc Illc
Morphology | Papillary | Adenocar- | Adenocar- Papil. Endometr. | Adenocar- | Endometr. | Adenocar-

carcinoma cinoma cinoma serous carcinoma cinoma carcinoma cinoma

adenocar-
cinoma

Differen- G2 G3 G2 G3 G3 G2 G2 G3
tiation
Invasion, omentum, ovary omentum | omentum, ovary - - omentum
metastasis uterus peritoneum
pCT 7 courses - 3 courses - - - 3 courses -
D6S2678 Al=1.6 AI=0.88 Al=1.28 homo Al=0.35 | AI=0.002 | AI=2.16 Al=0.32
D6S2925 homo AI=3.7 Al=1.38 AlI=0.36 Al=9.2 AlI=0.64 AlI=1.40 | STR mut
DQIV Al=0.48 AI=1.8 Al=1.9 Al=18.4 homo homo homo AI=0.9

Age — age of patient at the time of OC-surgery; pCT — palliative chemotherapy; AI — index of allele imbalance,
marked bold Al indexes indicate the diagnostic significance of LOH-analysis; STR mut — somatic insertion of tan-

dem repeats in the STR allele in a part of tumor cells.

tient passed through 7 courses of palliative
chemotherapy.

According to the published data the cluster
of class III HLA-genes is not directly related
to the activation of the immune response to
pathogens and cancer cells, but it contains the
genes of transforming growth factors, comple-
ment proteins and cytokines — the active com-
ponents that regulate the immune system.
Three of our patients with IIlc-stage invasive
adenocarcinomas and metastasis appeared to
have complex HLA somatic deletions in
class II and III loci. The other three patients
had the tumors with partial deletions in HLA
class I and III and one — the tumor with the
partial deletion in the HLA class I and the
mutation in the HLA III STR allele, located
not far from the MICB gene (HLA Class I
Polypeptide-Related Sequence B) on the bor-
der of classes I and III. These 4 patients have

various types of cancer morphology on differ-
ent stages (Ilc, II1a and Illc), their tumors are
invasive.

Discussion

Based on the results obtained, it could be as-
sumed that at various stages of ovarian cancer,
the complex somatic changes, involving seve-
ral HLA loci, are quite common. The detected
genetic alterations vary by both the type (dele-
tions and STR- mutations) and the proportion
between the sub-population of cells with mu-
tations and the general population of tumor
cells (from a minor amount at the border of
the resolving power of the LOH-technique to
complete allele loss). We identified an insertion
in STR alleles in tree tumors, which have not
been reported previously for ovarian tumors.
For comparison, the frequency of such inser-
tions in human germ cells (non-oncological)
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is on average 1x10-3[21]. Thus, we once again
confirm that the frequency of genomic reorga-
nizations is not limited to deletions and ampli-
fications and significantly increases during
oncogenesis.

Summarizing our results it could be indi-
cated that the spectrum of genomic mutations
in the HLA genomic region consists of partial
deletions (83.3 % — 25 of 30 alterations), full
allele loss (6.7 %) and STR tandem repeat
insertions (10.0 %). We also indicate that the
HLA genomic rearrangements in individual
ovarian tumors may be either complex, affec-
ting at least 2 loci, or isolated, occurring only
in one examined locus. It could be hypothe-
sized that the complex deletions in several
HLA clusters are the result of an extended
deletion, which is not limited to one HLA gene
cluster. First of all, this assumption is based
on our results, according to which three tumors
had deletions of alleles in STR markers loca-
lized in neighboring HLA gene clusters:
D6S2678 (HLA-E-HLA-C) and D6C2925
(HLA-B — LT cytokine, class III). As far as
we know, the ovarian tumors with complex
HLA genomic rearrangements involving class
IIT genes in combination with class I or II
HLA-regions have not been previously de-
scribed.

According to our results, the abnormalities
in more than one of the markers studied were
identified mainly at the latest stages of ovarian
cancer, 6 of 8 tumors with two alterations
(Tab. 1) were at the stage Illc. There were no
tumors with stage la or Ib in this group where-
as in our general OC-group there were 8 pa-
tients with the stage I tumors (p=0.02, Fisher
exact test). This corresponds to the well-known
facts that at the later stages of the disease, OC
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tumors have weak response to chemotherapy
and metastasize to adjacent organs. It could be
assumed that in the process of oncogenesis,
the tumor continues to accumulate the altera-
tions in the immune response genes, thereby
becoming increasingly aggressive, invasive
and metastatic.

In order to study in detail the correlations of
isolated and combined reorganizations in HLA
loci with the pathogenesis of ovarian cancer
and the response to chemo- and immunother-
apy, it is necessary to enlarge the panel of
markers and increase the patients group.
Additionally, we are planning to study the for-
mation of individual immune response to ova-
rian tumors with genetic damage in HLA loci.

It was demonstrated in many studies that
chromosome aneuploidy, deletions and ampli-
fications of a part of the genetic material of
different chromosomes were a frequent event
in different types of epithelial tumors, includ-
ing ovarian tumors [22]. The significance of
HLA gene expression in an anti-tumour im-
mune response has long been known. Most of
the data on the association of HLA and ovar-
ian cancer were based on the analysis of the
average expression of HLA genes in OC-
tumors. In these studies, both increased and
decreased expression of genes in the I and II
classes had been shown [23-25]. Such contra-
dictions point to the heterogeneity of the ex-
pression of HLA antigens in tumors and mi-
croenvironment which has] to be clarified. In
the era of development of immuno-vaccines
for the treatment of cancer, researchers re-
turned to the study of the expression of diffe-
rent types of HLA antigens. It was found that
the down regulation of the expression of HLA
class I and II antigens was associated with a
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worse prognosis and poor response to therapy
of ovarian tumors [24-27]. However, as we
have noted above, high genetic and epigenetic
heterogeneity within a single tumor, appeared
to be the main difficulty in the study of epi-
thelial cancers. The cell-to-cell variability in
gene expression does not allow evaluation of
the dynamics of the targeted immune treatment
without the single cell analysis to be involved
for the assessment of minor tumor cell-popu-
lations possibly resistant to the vaccine. With
the development of tolerance to immunother-
apy, the minor genotypes of cancer cells, which
avoid immune recognition are really important.
That is why for the screening of alterations in
the HLA-region we have chosen the approach
of LOH-analysis, which allows the detection
of even minor reorganizations at the genetic
level. Of course, this approach does not di-
rectly prove that a part of the tumor cells does
not contain certain HLA antigens, but does
indicate such a probability. Moreover, the ge-
nomic reorganizations in HLA locus were
studied in different HLA gene clusters simul-
taneously and it is much cheaper and faster
than single-cell RNA-sequencing. LOH-
analysis of HLA STRs made it possible to
identify the complex alterations of the HLA-
region in ovarian tumors. The foregoing facts
allow the application of the algorithm used by
us as one of the informative method for rapid
screening prior to choosing the treatment tac-
tics and for monitoring the effectiveness of
therapy at the early stages.

Conclusions

Based on the results obtained, we can conclude
that the STR-based LOH-analysis allows the
detection of aneuploidy and different types of

somatic genomic reorganizations in the HLA
region even in minor cell populations. It will
provide additional prognostic information giv-
en that the estimation of the average gene ex-
pression level in the tumor tissue might be not
accurate when a decrease in the expression of
the studied gene in a population of tumor cells
is offset by increased expression of the same
gene in the other cells of the same tumor. The
STR-analysis would be used for routine screen-
ing to identify patients at risk of complications
in ovarian cancer immunotherapy and for
choosing a personalized approach to immuno-
therapy, since damage in HLA-antigens of dif-
ferent classes may be associated with a resis-
tance to the targets of immunotherapy (CD8+
or CD4+ T cells inducing pathways).
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CoMaTu4Hi reHOMHi peopraHizauii JUIAHKH
JIeHKOUMTAPHUX AHTUIEHIB JIIOAUHU B COJTIIHUX
MyXJUHAX ICYHUKIB

H. B. I'pumienxo, B. B. Topaitok, C. A. KpaBuenko,
C. B. Apby3oBa, B. 1. Kamryba

VYemix iMyHOTepartii paKy s€9HHKIB BH3HAYa€ThCs ehek-
TUBHICTIO IMyHHOI BiJITIOBi/i TIAITI€EHTA, a TAKOX SKiICHOIO
1 KUTBKICHOIO TPE/ICTABICHICTIO aHTUT€HIB OCHOBHOTO
KOMITJIEKCY TiCTOCYMICHOCTI B IyXJIMHHUX KIIITHHaX 1
MikpootodeHHi. PiBeHs excrpecii reHiB HLA (etixomm-
TapHUX AHTWUTCHIB JIIOIWHHU) B IMyXJUHHIA TKaHUHI HE
3aBXIM KOPEKTHO BiTOOpakae eKCIIPECiI0 IUX TeHIB B
PI3HUX MOMYJALISAX IMyXJIHMHHAX KIiTHH. MeTa. AHami3
YaCTOTH 1 CIIEKTPY COMATHYHUX JICNICIVIA 1 TyTUTiKAIlii B
nokyci HLA. Metonu. LOH-anani3 (Brpara rerepo3uror-
Hocti) STR-mapkepiB (KOPOTKi TaHAEMHI ITOBTOPH) B
MyXJIMHAX SE€YHUKIB nanieHTis. Pesyabrarn. Mu nokasa-
JIM, IO CKJIA[THI COMATHYHI TCHOMHI peopraHi3arlii, B sIKIX
3alTy4eHi Kibka JokyciB HLA, mocuts "acTto 3ycTpiva-
FOThCSI B IYXJIMHAX SIEYHUKIB. BUSIBIICHI TEHETUYHI 3MIHH
PO3PI3HSIOTHCS SIK IO THITY (Jerienii 1 MyTartii B aiessix
STR), Tak i 3a KITBKICTIO CYOITOITYJISIIi KIIITHH 3 MyTaIli-
saMu. BucHoBkH. OTpyMaHi pe3yasTaTH J103BOJISIOTh 3a-
nporonyBatu LOH-aHani3 sk eeKTUBHUN METON It
HOMHHUX peopranizaiiii y ninssii HLA HaBiTh B MIHOpHHX
monyIsIisix kT, el aHamiz Hajae TOTATKOBY IPO-
THOCTHYHY iH(QOpMAIIIO I BU3HAYECHHS e(peKTUBHOCTI
PI3HMX THITIB IMyHOTeparlil paKy sSI€YHUKIB Ha IHIUBIILY-
IEHOMY PiBHI.

Kaw4yoBi ciaoBa: pak s€YHHUKIB, IMyHHA BiIIOBIIb,
STR-mapkep, HLA, reHeTH4HI 3MiHH.
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ComaTn4yeckue reHOMHbIE peopranu3anuun
peruona ﬂeﬁKOHHTapHLIX AHTHUI'€HOB 4Y€¢JI0BEKa
B COJIMAHBIX OITYXOJIAX AMIHUKOB

H. B. I'pumenko, B. B. I'opautok, C. A. Kpasuenxo,
C. B. Apby3oBa, B. 1. Kamry6a

Yenex IMMYyHOTEpAITMM paka SIMIHUKOB OIIPEIeIIsieTCs
3¢ GEKTUBHOCTHI0 IMMYHHOTO OTBETA TAIHEHTA, a TAKKe
Ka4eCTBCHHOU U KOJIMYECTBEHHOMU IIPEICTABICHHOCTHIO
AQHTUT€HOB OCHOBHOIO KOMILIEKCA THCTOCOBMECTUMOCTH
B OIYXOJEBBIX KJIETKaX M MUKPOOKPYXCHUH. YPOBCHb
skcnipeccun reHoB HLA (J1ekoruTapHbIX aHTUTCHOB
YeJIoBeKa) B OIyXOJIeBOM TKaHHW HE BCEIa KOPPEKTHO
OTPa)KAET IKCIIPECCHIO 3THX T'€HOB B Pa3JIMYHbIX MOIYIIs-
MUAX OITYXOJICBBIX KJICTOK. ]_le.]'lb. AHanu3 4acToThl U
CIIEKTpa COMAaTHUECKHX JCNEINH U AYIUIMKAINI B JJOKyCe
HLA. Metonsi. LOH-anamm3 (ToTepst TeTepOo3UuroTHOCTH)
STR-MapkepoB (KOPOTKHE TaHIEMHBIE TIOBTOPHI) B OITY-
XOJISIX SIMYHUKOB MTalleHTOB. Pe3ysbTarsl. MBI okasany,
YTO CJIOXKHBIE COMATHIECKNE TEHOMHBIE PEOPTaHU3aLINH,
3aTparuBarolme Heckosbko JokycoB HLA, noBoipHO
YacTo BCTPEYAIOTCS P OIYXOJSIX SIMYHUKOB. BHIBOABI.
OO0Hapy>keHHbIE TEHETHIECKIE M3MEHEHHS PA3IIIarOTCs
Kak I10 THITy (Jieneru ¥ MyTarmu B ayutersix STR), Tak
¥ TI0 KOJIMYECTBY CyOHOMYJSIINH KJIETOK C MyTallUsIMU.
[Tonmy4eHHBIE pe3yasTaThl HO3BOJSIOT HpeTokuTs LOH-
aHaJIu3 B KQ4YCCTBC 3(beKTI/IBHOFO MCTOAA JJIs1 BBISIBJICHUS
AHEYIUTOWINH U IPYTHX THUIIOB COMaTHYECKUX PEOPraHu-
3anuit reHoma B pernone HLA nmake B MUHOPHBIX TIOITY-
JAIUAX KJIETOK. DTOT aHAIN3 MPEAOCTaBIIseT JOMOIHU-
TEJIBHYIO MPOTrHOCTUYECKYIO HH(POPMALIUIO ISl OTIpesie-
neHust 3(P(HEKTUBHOCTH PA3IMYHBIX THIIOB HIMMYHOTEpa-
1M1 paKka ANYHUKOB HAa MTHAWBUAYAJIbHOM YPOBHC.

KnamoueBble €J0Ba: pak IMIHAKOB, IMMYHHBIN OTBET,
STR-mapkep, HLA, reneTndeckie n3MEeHEHHSI.
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